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Summary 
Methods for plant propagation in rose plants were tried to develop. The 1st culture was 
performed for examining the effects of phytohormones on the propagation from the nodal 
segm巴ntscultured on a solid medium. An addition of benzyladenine (BA) to medium was 
effective for the propagation. Using nodal segments from shoots formed in the 1st culture， th巴
shoots wer巴proliferatedfor materials of the 3rd liquid culture. In this case， simultaneous addition 
of naphthaleneac巴ticacid with BA caus巴dto produc巴suitablenodes for liquid culture. For liquid 
culture， although shoot productions wer巴beinghigh rates by aeration， the shoots were contained 
high levels of water and the plantlets from shoots could not be acclimated in soil. Therefor巴，
liquid supporter culture was tried. When polyester-wool was used for supporting material， 
carbon dioxide gas was aerated and mineral salts in medium were lowered， the plantlets acclimat-
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Fig. 1 Calculation of cost requiring plant propagation using tissue culture t巴ch.
mques刷
The labor， equiprnent and variable costs w巴recalculat巴din solid (A) or liquid (B) culture 



























































後直径5mmの穴を 1週間に 11湿の割合で聞け， 4週間後に培養物を鉢に移植し，さらに 4週間温室で育
てた.以上の合計8週間の育成後の生存率を土壌活着率とした.
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Tabl日 1 Effects of benzyladeninε (BA) and naphthalen巴aceticacid (NAA) 
on shoot proliferation from rose nodal segm巴ntsin solid culture. 
Acclimation Cultm・eswith Water BA N AA N o.of shoots 
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The nodal segments were cultur日dfor 6 we巴kson the solid medium containing 
various concentrations of BA and NAA， and number of shoots per segment， water 
content， root formation and acclimation rates were measured. For each tr巴at-
ment， atleast 24犯 gmentswere used. Experiments were repeated 3 times， and the 
standard errors were then calculated. 
判 Allof segm巴ntscultured (at least 72 segments for each treatment) wer巴stored
and the frでshweight and dry weight wer巴measured，water contents were calcu 








Table 2 Effects of kinetin (Kin) and naphthaleneac巴ticacid (NAA) on 
shoot proliferation from rose nodal segments in solid culture 
Acclimation Cultures with Water Kin N AA N o.of shoots 









































1、henodal segments were cultured for 6 weeks on the solid medium containing 
3μM of BA with or without various concentrations of Kin and NAA， and number 
of shoots per segment， water content， root formation and acclimatioI1 rates were 
measured. For each treatment， at least 24 segments were used. Experiments were 
repεated 3 times， and the standard errors were then calculated. 
キ1All of segments cultured (at least 72 segments for e且chtreatment) wer巴stored
and the fresh weight and dry weight were measured， water contents were calcu-
lated based on the fresh weight per dry weight 
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Table 3 Effects of benzyladenine (BA)， kinetin (Kin) and naphthaleneacetic acid (NAA) on shoot 
proliferation from rose nodal segments in solid culture 
BA Kin NAA No. of nodes No. of available Water Cultures with Acclimation 
(μM) per shoot nodes per shoot content (%)判 roots (%) rate (%) 
0.1 。 。 8.8ゴニ1.70 2.7土0.45 21.8 88.6士2.66 78.5土2.78
0.1 0.1 。 6.3土1‘64 1.4土0.38 21.6 89.7土2.62 79.8士2.66
0.1 0.3 。 8.6土1.74 2.6土0.67 21.4 90.5土2.74 77.4土2.69
0.1 1 。 11.1土2.62 3.4土0.58 22.8 92.6士3.20 84.8土3.14
0.1 。 0.1 11.2土2.60 4.6:t0.78 18.6 96.4土3.18 88.9土3.48
0.1 0.1 0.1 11.6土2.78 3. 5:t0. 65 20.3 94.5土2.92 85.5土2.86
0.1 。明3 0.1 10.3士2.25 3.9土0.72 21. 7 92. 4:t 2.86 80.4:t2.56 
0.1 1 0.1 9.8土1.89 4.1土0.77 22.4 91.5土2.67 79.5士2.46。 。 0.1 8.0土1.79 0.7土0.21 19.6 95.8土3.09 84. 6:t2 .86 。 。 7.8土1.57 2.1土0.59 22.4 90.8ごと2.89 78.3土2.77。 0.1 10.9土2.34 4.6土0.80 2.2 94. 9:t2. 99 87.8土3.31
The nodal segments wer巴hervestedfrom the shoots obtained from the 1st solid culture， and cultured on 
the solid medium containing various concentrations of BA， Kin and N AA (the 2nd culture). After 6 
weeks of culture， number of nodes per developed shoot， availablεnodes per shoot， water content， root 
formation and acclimation rates w日remeasured. For εach treatm巴nt，at least 24 segments were used. 
Experiments werεrepeated 3 time喝、 andthe standard errors were then calculated 
本 JAll of segments cultured (at least 72 s巴gmεntsfor each treatment) were stored and th巴freshweight 
and dry weight were measured， water contents were calculated based on the fresh weight per dry weight. 
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Table 4 Effects of benzyladenine (BA) and naphth. 
al巴neaceticacid (N AA) on shoot proliferation 
from rose nodal segments in liquid aeration culture 
BA NAA Cultures Water Acclimation 
(μM) with shoots (%) content (%)叫 rate (%) 。。 73.5土1.49 43.0 9.8土0.65。0.03 76.4土2.02 51.5 8.9土0.54。0.1 83.8土2.46 51.6 9.7土0.68
0.03 0 76.5土1.78 48.2 9.6土0.86
0.1 。 86 .3:t2. 68 47.4 8.8士0.80
0.1 0.1 82.0土2.28 51.0 8.6土0.89。 90.4:1:2.82 52.5 7.9土0.81
0.1 84.7土2.68 47.9 8.4土0.78
The nodal segments were hervested from th巴shootsobtained from the 2nd solid culture 
(the mεdium with 0.1μM of BA and NAA). The segments were cultured on the liquid 
m巴diumcontaining various concentrations of BA and NAA and aerated with呂irat 30 mU 
min (th在 3rdculture). After 6 wεeks of culture， cultures with shoots， water content and 
acclimation rates were measured. For each treatment， at least 24 sεgments were used. 
Experiments were repeated 3 timε5， and the standard errors were then calculated 
叫 Allof segments cultured (at least 72 segments for each treatment) were stored and the 
fresh weight and dry weight were mea5ur巴d，water contents were calculated based on the 
























Table 5 Effects of benzyladenine (BA) and naphthaleneacetic acid (NAA) 
on shoot proliferation from rose nodal segments in liquid supporter 
culture. 
BA NAA Cultures Water Cultures with Acclimation 
(μM) with shoots (%) content (%)判 roots (%) rate (%) 。。 78.4土l.49 23.0 23.6土2.89 20.4土0.65。0.03 73“2:t2.02 24.5 34.2:t3.22 19.8士0.54。0.1 86.6土2.68 33.6 26.8土l.88 26.8士0.80
0.03 0 78.5土l.78 28.6 29.1土2.33 23.7:t0.86 
0.1 。 96.4土2.46 27.6 37.3土3.51 24.7土0.68
0.1 0.1 94.2土2.68 21.2 46.4土Z.45 29.6土0.89。 92.5士2.82 23.4 28.5士0.81 23.4土0.72
0.1 91.2土2.68 22.6 38.2土2.26 25.6:t0.78 
The nodal segments were hervested from the shoots obtained from the 2nd solid 
culture (the medium with 0.1μM of BA and NAA). The segments were cultured 
on the liquid medium supporting poly自 ter-woolcontaining various concentra 
tions of BA and NAA (the 3rd culture). After 6 weeks of culture， cultures with 
shoots. water content and acclimation rates were measur巴d.For each treatment 
at least 24 segments wer日 used. Experiments were repeat巴d3 times， and the 
standard errors were then calculated 
*1 All of segments cultured (at least 72 segments for each treatment) wer巴stored
and the fresh weight and dry weight were measured， water cont己ntsw日recalcu-
lated based on the fr自らhweight per dry weight. 
Table 6 Effects of support巴ron shoot prolif巴rationfrom rose nodal s芭gmentsin 
liquid support芭rcultur巴
Cultures Water Cultures with Acclimation 
Supporter 
with shoots (%) content (%)判 roots (%) rat巴(%)
Perlite 70.4士1.68 28.4 33.8土2.92 21.3士0.56
Rock-wool 63.0土1.84 33.2 35.3ごと3.62 20‘2ごと0.62
Polyester-wool 94.2土2.68 21.2 46.4土2.45 29.6土0.89
The nodal segments were hervested from the shoots obtained from the 2nd solid 
cultur巴 (themedium with 0.1μM of BA and NAAト Thesegments were cultur巴don 
the liquid medium with 0.1μM of BA and NAA and supporting perlite， rock-wool or 
polyester-wool (the 3rd culture). After 6 weeks of culture， cultuτes with shoots， water 
content and acclimation rates were measured. For each treatment， at least 24 
segments were us巴d.Experiments were repeat巴d3 times， and the standard errors were 
then calculated. 
ネ 1AlI of segments cultured (at least 72 segments for each treatment) were stored and 
the fresh weight and dry weight were measured， water contents were calculated based 
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Table 7 Effects of CO， on shoot proliferation from rose nodal segments in 
liquid supporter culture. 
Conc日ntration Cultures Wat巴r Cultures with Acclimation 
of CO2 (!l1I) with shoots (%) content (%)判 roots (%) rate (%) 。 94.2土2.68 21.2 46.4土2‘45 29.6土0.89
350 (air) 90.6士2.46 20.6 46.6土2.28 31.4土0.68
700 96.2:t2.94 19.4 47.4:t2.68 34.2土0.78
1，500 92.5土2.58 20.8 45.5土2.52 32.8土0.79
The nodal segments were hervest巴dfrom the shoots obtained from the 2nd solid 
culture (the medium with 0.1μM of BA and N AA). The segments were cultur巴don 
the liquid medium with 0.1μM of BA and N AA and supporting polyester-wool. Filter 
sterilized carbon dioxide (10 ml!/min) was flowed through the culture bottle (500 mi) 
After 6 weeks of culture， cultures with shoots， water content and acclimation rat芭S
were measured. For each treatment， at least 24 segments were usεd. Exp己riments
wer巴repeated3 times， and the standard errors were then calculated. 
判 AIIof segments cultured (at least 72 segments for each treatment) w日restored and 
th日freshweight and dry weight were measur巴d，wat巴rcontents were calculated based 
on the fresh weight per dry weight 
Table 8 Effects of CO2 f10w rate on shoot proliferation from rose nodal seg 
ments in liquid supporter culture. 
CO2 f10w rate Cultur巴S Water Cultur日swith Acclimation 
(ml!/mil1"500me) with shoots (%) cont巴nt(%)判 roots (%) rate (%) 。 94.2土2.68 21.2 46.4土2.45 29.6土0.89
5 95.5土2.56 20.8 46.8土2.52 31.4土0.76
10 96.2士2.94 19.4 47.4土2.68 34.2土0.78
20 97.6土2.38 17.6 48.6:t2.57 36.8土0.82
50 95.4土2.68 19.7 46.5土2.59 34.6こと0.76
The nodal s巴gmentswer巴 hervestedfrom thεshoots obtained from the 2nd solid 
culture (the medium with 0.1μM of BA and N AA). The segments were cultured on 
the liquid medium with 0.1μM of BA and NAA and supporting polyester-wool.日lter
-sterilized carbon dioxid巴 (700即胆)was flowed through the culture bottle (500 mi) at 
various f10w rates. After 6 weeks of culture， cultures with shoots， water content and 
acclimation rates w巴remeasured. For巴註chtreatment， atleast 24 segments were used. 
Experiments werεrep巴at巴d3 times， and the standard errors were then calculated. 
*1 All of segm巴ntscultur巴d(at least 72 segments for each treatment) were stored and 
the fresh weight and dry weight were measured， water contents were calculated basεd 









Table 9 Effects of mineral salts and sucrose concentrations on shoot prolif巴rationfrom rose 
nodal segments in liquid supporter culture. 
Acclimation Cultures with Water Sucrose Cultures 
















































The nodal segments were hervested from th芭 shootsobtained from the 2nd solid culture (theJ 
medium with 0.1μM of BA and N AA). The segments were cultured on the liquid medium with 
0.1μM of BA and NAA and supporting polyester~woo l. Filt巴r~st巴rilized carbon dioxide (700 p開，
at 20 rne/min) was flowed through the culture bottle (500 rnQ)ー After6 weeks of culture， cultures 
with shoots， water content and acclimation rates were measured. For each treatment， at least 24 
segments were used. Experiments were repeated 3 times， and the standard errors were then 
calculated. 
*1 All of segments cultur巴d(at least 72 segments for each treatment) were stored and the fresh 
weight and dry weight were measured， water contents werεcalculated based on the fresh weight 
per dry weight. 
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